As the result of studies with normal subjects (1 ) , the Sanders (2) oscillating bed was suggested in 1949 as a possible aid in preventing or minimizing the deteriorating effects of long immobilization. These studies showed that, during confinement to bed in casts for five weeks, healthy young men lost approximately one-half as much calcium and had less impairment in various physiological functions if placed on oscillating beds than if allowed to remain relatively motionless on ordinary hospital beds. It was pointed out that the usefulness of the Sanders bed in the management of immobilizing clinical conditions could only be determined by careful trial. The present paper reports the results of such a trial in severely paralytic acute anterior poliomyelitis.
The oscillating bed has a motorized gear device which gives it a slowly rocking head-to-foot motion. One and one-half minutes are required for the bed to tilt at a barely perceptible speed from the horizontal through 20 degrees to a head upfeet down position and to return to the original horizontal position. This bed should not be confused with the "rapid rocking bed" which rocks at rates of 16 to 30 per minute and is used in weaning poliomyelitis patients with respiratory involvement from tank respirators; nor should this bed be confused with vibrating mattresses or other devices which bring no movement to a bed. The oscillating bed's slow movement has been used for several years to increase peripheral circulation in patients with occlusive arterial disease of the extremities (3) (4) (5) (6) and to some extent in pa- 1 Aided by a grant from the National Foundation for Infantile Paralysis. 2 Present address: National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Bethesda, Maryland. t Died, January 6, 1956. tients with phlebothrombosis and thrombophlebitis (7, 8) .
A study of the possible value of the slowly oscillating bed in another immobilizing clinical condition has already been made. Wyse and Pattee (9) observed the effects of oscillation in four patients with paraplegia one, two, four and thirteen months after the onset of their disease; the oscillating bed was used for eight hours a day for 12 days in three patients and for 20 days in the fourth. No change in urinary calcium was noted in three of the four patients. A gradual fall in urinary calcium (from 0.515 to 0.307 gm. per day) was noted over a twelve-day period in the patient studied two months after the onset of a transverse myelitis at D-6 and 7, but this fall was not considered significant since urinary calcium continued to decline after oscillation was stopped and remained at a low level (0.150 to 0.200 gm. per day) thereafter. Difficulty in collecting stools in their patients impaired interpretation of fecal calcium data and calcium balances. The oscillating bed was of value in restoring vasomotor tone of paralyzed extremities so that tendency to syncope was lessened when patients were placed in an upright position on a tilt table.
PROCEDURE
The general plan and procedure of the poliomyelitis studies were outlined in the first paper in this series (10) . The present report is based on the data of eight patients.
Six (M.O'M., J.C., F.S., C.R., J.W., and R.V.K.) were investigated on the Metabolism Ward where closely controlled balance studies were carried out.
The other two patients (R.Wil. and J.L.) were studied for seven Tables II  were not collected. Their dietary intake was calculated and III of the present report. but not weighed or kept rigidly constant since metabolic Four patients were studied during the acute and early kitchen facilities were not available. The data of these convalescent phases of poliomyelitis, two during the contwo patients, therefore, are of less value than those of the valescent phase and two during the chronic phase. Duraother six patients. Dietary intakes of patients previously tion of oscillation, time of its institution, length of conreported were given in Table I of the first paper (10) . trol intervals before and after oscillation and other details Dietary intakes of R.Wil. and J.L. as calculated from of experimental procedure are given in Table I . Con- (10, 11) . Methods of studying reaction of the circulation in motionless standing by tilt table test and of measuring girth of thighs and calves have also been previously described (10, 11) . Coagulation time was determined by a modification (11) (14) . Readings were taken in 20 individual areas over the body surface; for calculation of the average skin temperature over the total surface of the body, readings were weighted by the formula of Hardy and DuBois (15) . In two patients determinations of total peripheral blood flow to the skin were carried out by the method of Hardy and Soderstrom (16) , as given in detail by Stewart and Evans (17) except that Hardy's original 20 areas of the skin were used. In addition to measurements of skin temperature with the radiometer, the total peripheral blood flow method makes use of measurements of rectal temperature with a single junction copper-constantan thermocouple (± 0.02°C) (13) and of oxygen consumption with a Benedict-Roth metabolism apparatus (18) . All determinations of skin temperature and peripheral blood flow were made in the basal metabolic state in a controlled temperature room; for each determination at least two sets of skin temperature readings were made at intervals of 20 minutes.
RESULTS
A. Metabolic Constituents 1. Calcium excretion and balance. In the four patients studied during the acute and early convalescent phases, urinary calcium was increasing gradually during the brief control interval prior to oscillation. When oscillation was begun, a variety of responses took place. In one patient, J.C., urinary calcium continued to rise for another six to nine days when a level averaging 0.534 gm. per day was reached, then maintained for several weeks ( Figure 1 ). In M.O'M., coincident with beginning of oscillation, urinary calcium remained at a level of 0.254 gm. per day for two weeks; then, while the patient was still on the oscillating bed, urinary calcium rose to a new level of 0.370 gm. per day (Figure 1 ). R.Wil.'s urinary calcium remained quite constant during oscillation at 0.210 gm. per day (Figure 2 ). In the fourth patient, J.L., who with R.Wil. was not on the Metabolism Ward, urinary calcium declined from an average level of 0.394 gm. per day at the time oscillation was instituted to 0.313 gm. In the two patients on whom balance studies had been begun, J.C. and M.O'M., calcium balances were -0.385 and -0.295 gm. per day, respectively, during oscillation on a constant calcium intake of 0.920 gm. per day (Figure 1) .
Since it was difficult to compare the changing levels of excretion of the brief initial control phases with those during oscillation and also since dietary calcium intakes were varying until after oscillation had been started, particular attention was focused on whether calcium excretion would rise when oscillation was discontinued. When that was done, three of the four patients showed no change in urinary calcium excretion; in the two on complete balance studies, no significant change occurred in negative calcium balance. In the fourth patient, R.Wil., mean daily urinary calcium excretion increased from 0.210 gm. per day to an average of Two patients, F.S. and C.R., were placed on oscillating beds during the third and fourth months after onset. In F.S. (Figure 3 ), a very gradual downward trend in the level of urinary calcium and decreasing negativity of calcium balance were unaffected by a 30-day and an 18-day phase of oscillation. In C.R., a high level of urinary calcium excretion and of negative calcium balance was unchanged by oscillation.
During the chronic phase of the disease, calcium excretion and balance of J.W. showed no change as the result of oscillation. While R.V.K. (Figure 4) 3. Other metabolic constituents. In one patient, M.O'M., urinary citric acid increased with the rise in urinary calcium during the period she was on an oscillating bed. Since, however, this patient's citric acid excretion remained high after oscillation was discontinued, the elevation in citric acid was thought not to be an effect of oscillation.
In various patients minor changes occurred in urinary creatine excretion, creatine tolerance and in sodium balance which had no clear or consistent relationship to oscillation. No influence of oscillation was noted in phosphorus and potassium excretion and balance, in urinary creatinine and in serum calcium, phosphorus and alkaline phosphatase.
The urinary calcium and nitrogen data of patients R.Wil. and J.L. are given in Tables II and  III A series of tests were performed at intervals before, during and following the periods of study on the oscillating bed, on patients F.S. and C.R. during the convalescent phase and on J.W. and R.V.K. during the chronic phase. These tests showed that during the oscillation phase patients could tolerate a longer period in the upright tilted position before symptoms heralding fainting began to occur. Figure 5 indicates the effect of oscillation on tilt In two patients, F.S. and C.R., studied during the convalescent phase a series of seven and five tests, respectively, of skin temperature were carried out. With oscillation, changes in total average skin temperature and temperature of legs and feet were all less than 0.7 degrees C. Peripheral blood flow was not determined in these patients.
3. Leg girth. No consistent effect on leg girth was brought about by oscillation. In three patients, C.R., R.V.K., and F.S. during his first study on the oscillating bed, an increase was noted in circumference of the calves of 1.0 to 1.3 cm. This increase was thought to be due mainly to accumulation of extracellular fluid in the legs from sustained increased hydrostatic pressure resulting from the fact that the bed was adjusted to rock back just to the horizontal from the foot-down position. This retention of fluid in leg tissues was manifested by slight puffiness about the ankles in F.S. and must partially account for the weight gain during oscillation in this patient (Figure 3) . In patients for whom the bed was adjusted to rock back to approximately 2 degrees head down, permitting leg veins to empty fully, increase in leg girth was either slight or did not occur; in F.S.'s second time on the bed with the bed so adjusted, for example, increase in leg girth was minimal.
4. Ventilation. One patient in the chronic phase of poliomyelitis, R.V.K., had a markedly limited vital capacity, 505 ml. During six weeks of oscillation her vital capacity increased gradually to 640 ml.
F.S., placed on an oscillating bed two months after onset, showed an increase in vital capacity with oscillation from 3400 ml. to 3680 ml. and an increase in maximum minute ventilation capacity from 60 to 74 liters; during control periods after oscillation these values did not increase further. C.R., also in the convalescent phase, because of limited ventilatory capacity was placed on a rapid rocking bed as well as on a Sanders bed. Increases in vital capacity, tidal air and maximum minute ventilation capacity in this patient were presumably mainly attributable to rapid rocking, the effects of which we have reported elsewhere (20) .
5. Other physiological tests. Periodic ergometer tests of gastrocnemius-soleus muscle power in two convalescent patients, F.S. and C.R., indicated no alteration in the rate of recovery of muscle strength as the result of oscillation. Basal metabolism was measured approximately every two weeks in six patients (in two patients during each disease phase), and no influence of oscillation was noted; tests while the bed oscillated showed the cyclic shift in diaphragm mid-position level previously mentioned (1) but no significant increase in oxygen consumption. Clotting and prothrombin times remained normal in the three patients (F.S., C.R. and R.V.K.) in whom this function was measured.
COM MENT These studies of effects of the Sanders oscillating bed in patients with paralytic poliomyelitis indicated modest physiological changes from its use. These changes were not of the kind or magnitude, however, which would lead to recommendation of the bed for management of patients immobilized by poliomyelitis.
Changes in calcium excretion
The metabolic function under particular scrutiny was calcium excretion and balance. Since losses of calcium in paralytic poliomyelitis are sufficient to lead to osteoporosis and possibly to urinary tract stone formation (21), a means of diminishing these losses would be of considerable value. During acute and early convalescent phases, when demonstration of a restraining action on calcium excretion would have been particularly meaningful, preliminary control periods were necessarily brief and calcium intake variable so that comparison of initial levels of calcium excretion with levels during the oscillation periods was difficult to interpret. Positive effect of oscillation, therefore, would be indicated only by a significant rise in calcium excretion after oscillation had been stopped. In only one of the four patients studied during this early phase was the mean urinary calcium excretion after oscillation statistically different from the mean level during oscillation; the difference between these means in R.Wil. was 3.5 times the S.E. of the difference between the means (22) . However, although this difference was statistically significant, a change of much greater magnitude would be necessary for one to consider that oscillation had prevented calcium loss to a biologically significant degree. Furthermore, even if oscillation had been shown to minimize calcium losses during the early phases, muscle spasm, tenderness and discomfort during the early weeks were in a number of patients accentuated by oscillation, suggesting impracticality. Studies during the later convalescent and chronic phases indicated no appreciable reductive action of oscillation on calcium loss. These largely negative findings with respect to the effect of oscillation on calcium metabolism are in general agreement with the previously mentioned results of Wyse and Pattee in four paraplegics (9).
Possible factors in lack of effect on calcium excretion A number of reasons may be suggested for the ineffectiveness of the oscillating bed in preventing calcium loss in paralytic poliomyelitis as compared with its benefit in immobilized normal subjects. In the latter investigation oscillation was begun as soon as the subjects were placed in casts. Although in the poliomyelitis patients observed during the acute phase the duration of paralysis prior to oscillation was only a few days (mean for first three patients, 8 days), it is conceivable that a trend toward calcium loss may have already become so well established that the oscillating bed could not appreciably reverse the process. A second difference between the two studies is that, despite the fact that the normal subjects were in casts from waist to toes, the degree of immobilization of the poliomyelitis patients was greater. Furthermore, neurological injury per se may have had some influence on calcium balance, although evidence has been previously cited (21) that this was probably not a major factor and that immobilization seemed principally responsible for calcium loss in these patients.
Mechanical factors may also have been partly responsible for differences in the two series. Muscle paralysis in the poliomyelitis patients either greatly reduced or prevented muscle pull on periosteal surfaces of the leg bones; in the normal group such a pull was thought to occur to a considerable degree as the bed shifted its position back and forth. Since this form of "stress and strain" was largely absent in the poliomyelitis patients, stimulation of bone formation was limited to the slight, intermittent weight-bearing occurring in the foot-down position of the bed. This was far less than full weight-bearing, an apparently potent stimulus to mineral storage even in the absence of leg muscle function, as demonstrated by the Abramson study (23) of ambulatory paraplegics, a different type of paralysis from poliomyelitis.
Another possible mode of action of oscillation postulated to explain the favorable result in the experiment with normal subjects (1) was an increase in peripheral and, presumably, bone circulation. As mentioned in the preceding paper, however, there is no agreement that bone formation is favored by increased circulation. Further, although in both studies the bed's motion was identical and improved circulation to the legs and feet was indicated, the definite effect on calcium excretion observed in the normal group was not seen in the poliomyelitis study. With this evidence, it may be questioned whether circulatory effects of the oscillating bed had any relationship to the favorable effects with respect to calcium in the normal subjects.
Reaction of circulation to gravity
Among the various physiological functions, the mechanisms responsible for circulatory control in the upright position have been the most consistently influenced by oscillation. In immobilized normal subjects circulatory reflexes as measured by tilt table tests were maintained almost at control levels by oscillation and their deterioration from immobilization on a fixed bed largely prevented (1). Wyse and Pattee (9) reported the bed to be of value in restoring vasomotor tone of the extremities in their paraplegic patients. In the present study when patients were being oscillated, they could tolerate a much longer period of time in the upright position on the tilt table.
The degree of impairment of these circulatory reflexes in paralytic poliomyelitis appeared to be similar to that resulting from immobilization alone. The altered tilt table test response of pulse and blood pressure among the five patients tested (before and after oscillation) was of approximately the same magnitude as was noted in the normal subjects immobilized on a fixed bed for six to seven weeks (11) . Analysis of the measurements of the circumference of the legs made every two to three minutes during and after tilting in tests during the study with normal subjects had suggested that during immobilization there was impairment of either venous or muscular tone or both. Similar measurements in two poliomyelitis patients studied during the chronic phase revealed no differences in the changes in these measurements from those in the normal subjects. No evidence was elicited in the patients to indicate that muscle paralysis due to poliomyelitis resulted in poorer support of blood vessels than would occur from immobilization alone. The possibility of a circulatory effect of paralysis of this sort cannot be excluded, however, in view of the small number of tests made with these measurements.
Peripheral circulatory, effects of oscillation
Beneficial results observed in vascular diseases of the lower extremities with use of the oscillating bed have been attributed to improvement in blood flow brought about by the motion of the bed. Conclusive evidence for this action has not been presented although some measurements of peripheral circulation have been made (6, 24) . In the study of normal subjects (1) change in venous pressure in the dorsal footveins of 140 mm. of water with each cycle of the bed was interpreted to indicate that in the presence of competent venous valves a larger volume of blood was being delivered to the right auricle during oscillation; skin temperatures were not measured. In the present study, although no iimmediate warming effect of skin temperatures of the feet and legs by oscillation was demonstrated, over the course of three weeks a distinct increase in feet skin temperature was noted in the two patients studied during the chronic phase. An increase of more than 10 C measured with the Hardy radiometer can be considered highly significant, particularly under the environmental conditions used for these measurements. The high room temperature (30°C) favored near-maximal vasodilatation, and the fact that these tests were done during winter months reduced variations in relative humidity, so that environmental influences on circulation were minimal and relatively constant. The increase in feet skin temperature was particularly marked in the patient who evidently had the greater impairment of peripheral circulation; in this patient a significant increase in leg skin temperature from oscillation was also noted. In two patients studied during the convalescent phase when peripheral circulation was not clearly impaired, skin temperatures of the legs and feet were not significantly raised by oscillation. These results suggest that an effect of oscillation on lower extremity skin temperature can be more readily demonstrated if the circulation is already impaired when oscillation is begun.
Results of determinations of the effect of oscillation on peripheral blood flow over the area of the whole body were not conclusive. No explanation is available for the differing results of an acute increase in blood flow from oscillation in one patient and a chronic similar effect in another.
Basal metabolism and ventilation
Tests of basal metabolic rate in normal subjects (1) had shown that oscillation in the Sanders bed did not increase oxygen consumption over that in the resting horizontal position. This finding was confirmed in the present studies on patients with poliomyelitis.
During basal metabolism tests on the normal subjects with the bed oscillating, the metabolism chart indicated periodic shifting of the diaphragm's mid-position synchronous with shifting of the bed from horizontal to foot-down position and return. At this slow rate of rocking one would not expect an increase in resting pulmonary ventilation per minute, and none was noted in either study. However, two poliomyelitis patients with sub-normal vital capacities showed modest increases in this measurement during four to six weeks of oscillation which did not continue after oscillation was stopped, and one of these patients showed a 23 per cent increase in maximum minute ventilation capacity. These suggested influences of oscillation on ventilation led to an interest in the possible effects of rocking at a rapid rate which could be synchronized with respiration (25) ; these latter studies have been reported elsewhere (20) .
The present study was not intended to accumulate data which could lead to evaluation of the metabolic effects of rapid rocking, now frequently used in the management of poliomyelitis cases with respiratory involvement, particularly in weaning patients from tank respirators. Rapid rocking was used during part of this study in one patient, and no unusual or significant findings were observed except for increases in vital capacity, tidal air and maximum minute ventilation capacity.
Clinical use of tilt table
No studies were carried out of the possible clinical usefulness of the tilt table. This has been advocated for the purpose of lessening "the tendency to renal stones" (26) although data supporting the suggestion were not cited. Frequent use of the table might improve vasomotor tone, but the impairment of mechanisms responsible for circulatory control in the upright position seen in the present study suggests that caution should be exercised in the table's use because of the danger of fainting. The possible metabolic derangements and dangers of undue muscle stretching in too early weight-bearing in this disease (27) were mentioned in the preceding report (21) .
Clinical application of oscillating bed
The present generally negative report indicates that the oscillating bed would not be useful for modifying the metabolic derangements of paralytic poliomyelitis. The possibility remains that the bed would have such-value in other immobilizing illnesses if applied at their inception. Wyse and Pattee did not employ the oscillating bed in paraplegia until more than one month after paralysis had occurred by which time oscillation was ineffective except for improvement in vasomotor tone.
Beneficial circulatory effects, seen also in both of our studies, suggest the likelihood that the oscillating bed may have more valid use as an aid when ambulation is to be instituted, particularly after several weeks in bed following severe trauma. a cerebro-vascular accident, paraplegia or paralysis due to poliomyelitis. Usefulness of the bed in this respect was recently demonstrated in the rehabilitation of an associate who had suffered a crippling stroke. Suggestion for this use of the bed came from the observation in healthy subjects that restoration of metabolic and physiological indices to normal came about much more rapidly following immobilization in the oscillating than in the fixed bed (1) .
The present study appears to have raised or left unsettled several questions. It seems evident, however, that some means other than the oscillating bed is needed for reduction of calcium loss in paralytic poliomyelitis. One such means will be suggested in the succeeding report.
SUM MARY
This third paper of a series on studies in paralytic acute anterior poliomyelitis has described the results of a trial of the slowly oscillating bed in eight patients; four patients were placed on the bed during the acute and early convalescent phase, two during the convalescent phase and two during the chronic phase. Patients were oscillated for periods of 17 to 42 days, the daily period of oscillation averaging 17 hours. The principal findings were as follows:
1. Oscillation did not retard the natural increase in calcium excretion occurring during the acute and early convalescent phases. During the convalescent and chronic phases oscillation exerted no reductive action on negative calcium balance. Possible reasons were suggested for the difference in result between this study and one in which oscillation diminished calcium loss in immobilized normal subjects.
2. No certain effect of oscillation was noted on nitrogen excretion and balance, phosphorus, potassium and sodium balance, urinary creatine, creatinine and citric acid or on serum calcium, phosphorus and alkaline phosphatase.
3. In all phases of the disease if the patients were largely confined to bed, they exhibited impairment in the mechanisms essential for adequate circulation in the erect position, as measured by tilt table tests. During the periods on an oscillating bed patients demonstrated definite improvement in these mechanisms, being able to tolerate a longer period of time in the upright tilted position before reaching critically low levels of pulse pressure. 4 . Skin temperature of the feet rose during several weeks on the oscillating bed in two patients with impaired peripheral circulation in the chronic phase of the disease. In two patients in the convalescent phase, oscillation brought about no change in skin temperature.
5. Among other physiological measurements, no definite effect of oscillation was noted on leg girth, muscle strength or basal metabolism.
